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Abstract of JP1 1296833 
PROBLEM TO BE SOLVED: To provide a 
perpendicular magnetic recording medium 
improved to be suitable for a high-density 
magnetic recording. 

SOLUTION: A ground surface layer is formed 
of a two-layered structure composed of a first 
ground surface layer 12 consisting of a 
material having a hexagonal close- packed 
structure or amorphous structure and a second 
ground surface layer 13 consisting of material 
which has the hexagonal close-packed 
structure, has a preferential growth bearing at 
[0001] and can be matched and grown to the 
perpendicularly magnetized film to be formed 
thereon. The perpendicularly magnetized film 
consisting of a Co alloy polycrystalline film is 
formed of a two-layered structure consisting of 
the lower layer perpendicularly magnetized 
film 14 and the upper layer perpendicularly 
magnetized film 15. The upper layer 
perpendicularly magnetized film is made lower 
in the total addition element concn. of a 
nonmagnetic element than the lower layer 
perpendicularly magnetized film. In addition, 
the saturation magnetization (Ms) and 
magnetic anisotropy energy (Ku) are made 
larger. The total thickness of the 
perpendicularly magnetized films is made to 
be from 5 to 70 nm. The average grain size of 
the crystal grains measured on the surface 
side of the upper layer perpendicularly 
magnetized film is specified to be from 5 to 15 
nm. 
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A#8!£-*ii£«f*,ffi$te/fcg#&i6S [0 0 0 1] T-fco 

*»?>*S|g2T%JSl 3<Z>2JI«igi U Co^M8 
JI&^fefcSfiiSKftlK&TeM&ffcfflil 4 i_L/ifi 

femtmi 5t»2Js«iti:-r-5. ±®sa:aft:K«iT 

A>oi&foB*ft; (Ms) RtWBSm^tt*-***— (K 
u) it)S<bI^fl4 5nm«±7 0 
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SiS^tK«rlix5Sii:iK5llE&«E<*l;*3V>r. 

mm.?:fth&%zf8.&5m- [ooon xSb^xt<D± 
mesftflt{bR»iniBas 2 t*wb Kts-r *TJBsa;«fb 

BSfbffiitiC o^^falffccT, HfifE-USftitJKffc 
MttllilreTiBSiKSfUKJ: 9^tttt5c»ro»«Aa7c*ai 
fl»ofSfnBfrfb (Ms) XT/J83CS*tt^*/i' 
(Ku) 

mtti 7 0 n msxTx-h <o % mti±mmwm<km<a3iim 

ffi'JT*SiJ^Lfc*t^ero¥^Jfe@i6S 5 n mHl 1 5 n m£l 
T-C*>5wfc«r#*i:-r*«B:«*ia»jBltflc. 
[iS*rg 2 ] fi*iS 1 E*roSE«S5fE»jK«r^*JV > 
■C, ]KrETJBSd[)Bfl:Hj:±JBSiCai{bR«>n(CA^lH 
§fjtSrSFO^)8tttL<|iMs<50emu/c c <D 

#I^*5^T, ttELUnDMMkKft>.bl=J*£ 0. lnm 
*»fe5 nm©fc««36S»J**il-ca3l>, HiiE&JSRBIti P 
t, Pd. Ir, Re, R u <£> L < tiZtlb tojtmZ^. 
fife^t-r^)^, *)5VMiCotL<liCo^iP 
t, Pd, Ir, Re, R u t L< li*:ia<bK>7C3iS£± 

[ff*rg4] fS*^l. 2Xtt3Etttf>SB:B8aE& 

Is$#m5] IS*iil~4rof-fri^liIIE^(^gia 
«fte«K«c|::*3v*-C, JftETJB£iUB{tR0BftJl2r 
tti^;^-j!lXl06e r g/ec«±2. 5X1 
oe e r g /c cJ&lT, ±ifgiEB£{b§l<oBmg;tftt^ 
^A-=¥— #2. 5 X l 06 e r g/c c JJLL5 x l 0«e 

fro 

[f$*il6] IS*^l~50^-riX/^13llE«£DfiiE 

mtm<o&*fc&<Dm'> s %jeiT-c-feo r t %&m. t -r 
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BJSE&iifrCiis^T. lWETJgSi£B£<b!&^J?$;6*HiI 
[WjR*8J ttAIEflttKffj:. BfiEeSvEft&frSrSE 

t «r£trt»«E1fclS«{:::m*-C, 
IffiKttftEftttftJ: Ur»**l-7©v^-rix*»l33iE 
10 ©WSii:B£S(E&i«fr&fljl,\ ntEKSR^s/ KWSdfcSB 

EES«?«1 0Gb/ i n2«±T-KStffi»|f 
££tTft Ut *«*UK1i*il. 
I!S*^9] »&E&SKfr£, 1ffieB«LE.ftJKfr*E 

kisses t, miek^s' Kcoseas^m^a^g 

t **tfflt«E1t««K*5V*T. 

$i&m%%imm&k Lxm^mi-7 w^Tttfrimtz 

S30Gb/i n 2«±T'B£^EiSiS;££fr/«t 5 - b & 
[0 0 0 1 J 

[*B9J«»li-S&fff£IH ffifeftttftEflkC: 
[0 0 0 2] 

tz*-^- h'j^r^T&mi^xmfrmmzinx^^z. 

-<7>S^li0iJx.(f> 41st Annual Conference onMagneti 
sm & Magnetic Materials (November 12-15, 1996) X% 
40 ftZixtzTT'* Y=7? h^OOl 1 6-^--^ (f^^cS-^-D 
Q- 1 3) &tM 3 3-t--^ (»3t»*EB- 1 2) ft 

kizxo. &E.mmw£.j7#L<nmm^v b'&m^^x* m 

lGb/i n2tl±iw(fi)Ji-Ct o 

•t o te&m*m\.*x t>*»w^5v ^tc^»-r -se^ tr ^ 
tzmtm®m%i& : &f&. $ zx, locb/i n 2tt±©ffi 

ES®Slrlim-rSfcJ6li(ia«6<iftffi3id5Tjg$ix 

50 5 0 
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[0003] -%.m\tm%?£.mttitmm&ft<r>mm 

Kits. KSf-rsjKft*5j[vM-r»j#-&*3JiV'>fcJ6, *ff 

o e> ft « sa tt<ki)t«>SiEsi«i&*&?-*- s 

*!t«{kl»t*«i:<Z>MI-*«tttt»Ta*:R 
»t-5^fe*s«tt*$iXT^4. Wjttf, WIBB8-7 7 

0 2 5 #4*$SL iRMBBS 58-141435 ^£$8^14 C 10 

0- CrItti07*itLTT i«t»*t5*S 
**, 4#IP!Bg6 0- 2 1 4 4 1 7 -5§-4i$B(C 14 Tiftg t LT 
Ge, S i #&£:AiV'>.S:£&#E, &gf|Bg6 0-0 6 4 4 

1 3 *&«l:ttC o O, N i O«*0>«MkftTttJH»**as 

[0 0 0 4] 

I*W#*ftU5i:t5WI] lOGb/in2£lJh 20 

sea: * * v > c t \zta x x m# j 4 xas /h $ 1 n 

riis^Stjns, #Jxl4 
*5El*ii«*E»-»'Jl«S?5'A#aWHsni (19 9 6 
¥10^ 2 3-2 5 0) 9 5-100 M<D 

S/N{fcj iH-rsSSXKEJSSix 
TV^*J:5K, SlUt{fcH«>ff$*r/.hS<1-S, SfiBS 
ffc-Bli:** ©IHfc#«tt<&C o C r TittfcSlAi-*. *> 

[0 0 0 5] #*3Htt, «it»*IE«t*a«>w«)J:$<C 
*RlC**Tft£*lfcfc«>-e, 1 OGb/i n2KX_h(7> 

[0 0 0 6] 40 

[■HB4rWfc-t-5fc*0>#a] SSttftEfltttftOEft 

1- *a?BE^>B{t«) 5 * p WftS <b ?#IBt*> 5 d k 

(LCO§S$^0. 2~1 0);mggro^DyU-<yKOg 

4:»b-rfc*^tt. &BK*)fte>-r& £«><::. 

P>ftl\, so 
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[0 00 7] *3S91#fctf>l|gl0>llSJ£, WTW^fifelc J; 

I4i£coft#£^o t vvbi$>5igBSE;6 5 ^fi££*i£. :ro 

©*t^gfi®fklg£Sfflt--5£J^;fcS, «ft*5irtt 
i^^-iLt, 2. 5xi06erg/cc{HlJ) 

ft±iei4, 5 X 1 06 e r g/c ctfcj, r<Dfc£*± 
«flMB«r»SI=W:5 0 O'CEJLkOT'n-fc 

^4«WPt/Co, Pd/Co/iifro^ilH'i 

SSiUKfkK, *>5VM4T b F e C oft t*(D#±IS7c* 
£^tr# B E l®8?i£&i$oS:i£i£fkBill4, BSSH^ttai* 
/!<•:¥— *s^-fixt> 2. 5 X 1 0«e r g/c c»itfc 

SiJftl^dS&giftSo 
[0 0 0 8] 185CE®roffi^*Sr 1 0Gb/i nm± 
k-tZtztbiztt^ iEiSIiLT3 0 0 kFCItt± 
«St45. r«)iiaE»*Alw*tJ$:-r5f v hfi!48 

14, y KOE®«B*Sr#*i-5 iftMtf) t's/ h 

gj; o^s^: i*sg^u< . mmm\\M<»vm* 7 0 

nmWTl:fitt5£.Sias*>5. jffi^s 5 nm&TJcft 
-Si, S»SC>#*rofc«)|cE®:JKfk-oS^^ICft«fc>!>, 
SiW8{kfflltf>fil!$ ftSKWEHtt 5 n mtU: 7 0 n m«T 

[0 0 0 9] />rX©jg»B£ft5i5!«E©*#$l4. S 

0 0 k FC I (Dt'y hft«Tti-Sfci?)lZJ4, ftAttS 

1 5 n m«Tt 1 5 I i: ^£,gt-i>5 r t 
PJLfc, L*»L, £A&Stf/h£< ft«?i-#*5tEflk«E 
j*<OfftK**s«^LTE»«E»:i: LTiS;*ft < ftSfc 
ft, SSI4 5 nmJWJiT-&-oZi:^aSixS„ fti3. * 
BjaaST-^ B B B eSW¥*?Ji (4, JSftKfik&frOXfi-C* 

1 0 0 1 0] 8S*Jl*tt=c-*/i"¥-<oai5V^SB[KfUiSr 
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fe v ^fiitlffy -f Xofflta i46:i 
•TSfcfel-tt. 8EB£(b§l£2;iflliti: U .LJBffiH-B 

«**tt**/i"f- (ku) nm^mmmitmtiTmm 
:tWofc, JdHttaSfflBftRtt, 2. oxio io 

6erg/cc<Ku<5xi06 e rg/cc£U T 
JgfliJWSiS&fbBlii, lxi06erg/cc<Ku< 
2. 5 X 1 0«e r g/c c it5©!)Stat?fc5. 
[ooii] :;f, TBffiiJcaSiUBHkMJi 5 ^ n U-^c 

fflWW^Ii 5 riS|JII:£:{fc;o>fe3g3i-r-5 / -f X£jqi 

[0012] TESBHKfc&i: Ltli, ^| B Sg©¥lS 
W**«:e»-r**:«>»~ll*tt#«w2 5 a t %£Lktf># 

fi£:2 5 a t %£Uil;:-r 3 £ % ^-co^iisfcDi&fp^b^® 

[0 0 13] g£#/-fX£T«f Sfc*!>fcttflHS» 

Tlf-S^i: t.^T-fc-Sc rofcto^lS, _hT2g(OS <o 
KBfldR«>mi=#Sttt> t < ttttfnKft** 5 0 e m u / 

5, ■f^gWf SliO. 1 nmd^ib 5 nmOT^ffl^ii^ 
^Pa^OJ?$z55 0. 1 n m*Sroit-a-. 'tTflS 
^A{C±5+#4^>*3 5 #feftT. i!l:5nm^ix5 

'Pfflm'.zm^^ttftli. Pt, Pd, Ir, Re, 

oi:2 5 a t %W±Wgjie7C^fcoVM4 
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[0014] mwm<u&<o3imzmf8.2ixz®m 

t,A»|r/«cofco ^JS^tLTIi. Pt, Pd, I r, R 
e, Rut>L<ti-ftib<a7C3i?£^#£-r.5-e-&. fe 
5^«4C o fc L< fiC o^iHtia*©5u*t U< li-tti 

Ttm^tsw^mmmm, tKit/wo^, f 

e-Si, Fe-Si-Al, Co-Nb-Z r/ft'O 
ftfiSttK, fcSVMiCo, Ni, Fe, Co-Ni, C 
o-Ni-Cr 'iifroirttftLl^Bttl^lv^; 

t/^PitgT-fc-So mw.mtm&mzc, b, n, p/^t* 
[0015] eiMiifcst^ *«Ki4#:0>ii9-efo 

fifcft^fifca* [0001] X'&>iXZ:<z>±izmi&$in?>m 
If AMUR £ U#S ** »*» * ■£> m 2 TifeJl £ a> 

fe&9. Sit»YbBlttJI!2T*6S»w»-*-*TJH*ia«{b 
Mi-fcJB»H8{fc*t it**, TS.RtMJgroSiffBi{b 

Rttco^gsiBTfcoT, ±mmm.m\tm*TB 

otgfqK{k (Ms) SOqEaS*ttx*vW*- (Ku) 
*2Ti6JB*»fe±JBaiI»<kBl*Tie«tWlw 

S-&fi£S^*a$HT*J9 . SSffilfLKro^ff^S 5 n m 
£t± 7 0 n mWTT'fc 0 „ iSSttK^CD^ffilPJl-CS'J 
^Lfc^elfero^feSjlS 5 nma± 1 5 n mtlTT'fe 

[0016] Tmmm.mftmt±mmw.mtig<Dmzj< 

%ffi&m~& : k1ft'2&mitt> L < MM s<50emu/c 
c»tl«B*H:«t, ^2TiSS>i>fe±SSii:^(kl]I*-C* 

J?^0. 1 nm^t>5nm©&Jgli^fSLtt<tV\ 
roO^JlMli, Pt, Pd, Ir, Re, RutL<(4 

ttCo^iPt, Pd, I r, Re, R u ^ L < (ii 
ixfe^TC^^r^fS^tl-o-a-^iOfS^^. fo-5lM4S 
±a7E*Sr* tr**KBEtt*t»ttt "TS ~ i 5o 
[0017] TSSEKft^ti, ^ro@ a B B *u^!; 25a 
t %«±©#ett5E*©«*rJHSr»o#»*KT?*>5 " 

K ud5 1 x l 06 e r g/c cJEl±, 2. 5xi06er 
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!^2. 5X l 06 e r g/c c«L 5X1 06 erg/ 
c c&LTVb&ZbAW*. Ll\ S2TlfeJltT^SiS 

[ooi8] sfc **mi±. mfsjEmmttb. »*e 

Sta^)*^$rfflt\ IES«*10Gb/in2Et± 

[0019] *S89!I4, Bt«eMKf*&. ttft 

1E»*Sfc*MKrr 5 B«nEMKf£Bn?A t , E@Sfi t 

TttELt*«ni:J:StttXCMt#t:ffiv>, ttft 20 
~ v h'<Dft±Ub Lxm^h JBi*fc*?«r 
fflV\ ffiE&SBS 3 0 G b / i n2ti±r-^|EM!:S4; 

[0 0 2 0] 

Mvi&mzmwi-z. mm, *&mzxz>m\&mfB.tt 

l THUS l 2 tt. A#fl!*«lift * to* 2 Ttf&jf 
1 3<OiKS*fi:as [000 1] *<ii^5J:?Kwt± 

14, Ti, Rufo5VM4rjx^©7c^4r^^i UC 
r, V, Mo, W*ifroflyn7c*fc*tr****«ift«: 
J$o#;fSK Si, G e fc5^(4me 3 07Ell^^^i: 

[0 0 2 1] ft 2 TifcJi 1 3 (4, *#»*«iSSr»o# 
ffittt L<l4fgfPj8{kMs^Ms < 5 0 emu/c c £(. 
T<7?i§^ttW«-^--Cfc 9 , #J;L{f C o IZ 2 5 a t %£Lk *> 
fflCr, V, Mo, W, Nb, Re, Ti, Y&<D&Bt 

m&5 0 emu/c c SX± k t£ 5 k E»S^I*«)»ll|tg 

v\ w«>JB2T**t±-5:0±ir»j«$*i5Sitt«fkiti 

Sfc»t;:i4, i^#cotS^^ic<D^^5%KlTi-r<>£-S 
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[0 0 2 2] $H4flf££: LT»4, -&&7L%k LX C r , T 
a, Pt, Pd, Si, V, Nb, W, Mo, Hf, R 
e, Zr, B, P, Rufc£*a>e>iSl4*ftfc-r<fc< b1> 

1 «e>7c3d£^tf C o#44Sffll^hS. -ro^JT-14, 
«i*©#l4Sfiitt«<fclgl*±T(c2JB»l1-5. TJlfi 
SIfbR 1 4 (4, ±J|ftil[ttttfl| 1 5 ICJfc^T C o \zm 

im-rzftm&7im<n&mz&<-rzzkiz£») , bms 

*tt**A-*-K u Sr/J>£ < »ISi--5 fcWtlwIMkfeUF. 
*. ±JSSiSfi£fclljl 1 5ttTJBS!E»fl:Btl 4 tfilcSS 

*tt«;<hT)ft*sii. m&ttiznm2Titom 1 3*>e> 

[0 0 2 3] - £>ffit£Bltt$«$Affi-02> 0 , ffiV^Cft 

sa^tt t e w -r x^tt & t 5 fc»i:, & a&& 

¥*9»41 5 nm«TT\ L*>fc#(CTSSil[JK<klBI 1 4 
y-fX^tejii-S/cfelc, gElctfj^fci: pi:, rcoSiE 

[0 0 2 4] H2d»feH4i4, ^sntcJ:SSiCitt«E 

($14, 2 1 JiKSS 1 TS6^ 22, 12 Tife® 

2 3*»6462JB©TlftJB«r®J«U» *©±K«ffiR«r 

(omzjKjm&mm&miftmmii l< nmamitM s 

i ! Ms <50emu/c c <73iiK't±5rito4 , ^@ 2 5 & 

[0 0 2 5] + BBS 2 5 14, JiTWSaKit:^ 24, 2 
6 t^S«J{CI4S^SLrv>-5„ *rag<Oi¥$(40. 
5 nm^±5 nmTO ! SS L< , $f>JwS*U^J5$ 
(Dgltt 1 nmEl±3 nm«Tt-«5„ ZWi 9 fcWift 

iBs«s?j»As^rHE{c/^i9, M^ssy'Tx^tt^n^.i-^ 

- t n5T-# S c JbeSiS^kfll 2 6 oatffidttftHOC 2 

7 %mi&-r?> c m 1 22, 12 Tt&m 2 3 , rm 
mmm.\\M 2 4 , ±.Emm.mu& 26^ i'<o*r^-ic(4, 
si 1 iz*L±mi<on&<DMte<Dm»mmk*tis?zM 
ttntmkmcttft&m^zzkfcx'zz. 
[0026] i3i:* l ttmrnnm 3 ^>mte.mm<^> 
M&m&t±. mimz^Ltzmi<omii&<D]&m.<Dm\&m 

s-rs. -f-'-ifc*,, r»^ft:tsiS{4, im&mm3 1± 

l:SlTifig3 1. l2 7itI3 3/i'f,io2iOTffi 



(6) 



ttmW- 1 1 -2968 3 3 



9 

B3 7«r»*i-5. T*JB^*iB:«<k:l«0*t»JcM:, ft 
JRB13 6 i LTtt. Pt, Pd, Ir, Re, RutL 
L< lie o^&fcfl&3£<£>5c3RfcL< \fttih(D7tmi:± 

[0 0 2 7] Lfc*380§0>» 4 ^HHS^^JSCO 

-r^5 0 |4^WttSS4l, ^lT±t6H4 2 x i2T 
iS43, Tiiiiatl4 4, 4>M«4 5. ±1IE 
8S<tBt4 6, «»K4 8tt\ 02©#8ttSS2U ffi 
1 T*« 22, S2 T*tHJ§ 2 3 . TJMUBfcR 2 4 , 

*raa2 5, ±mummtm2 6, «a§2 7ir«x* 

Jx*HKi-4« ft*K4 8 i: U-Ctt. Pt, Pd, Ir, 
Re, R u t L< liwft&Ojc*«r-fert»i: ta*4, 

[0028] ■ 1 4 Jw»-t-«C#«HtS:«ffli-a r 

[0 0 2 9] [HJEfiSJl] E^2. 5^Vf^7^I 

nil:, T«Bi2, l 3 , fiXfltflsH l 4 , 15. 

-10. 2at%Cr^-y^h, l2T*fflUiCo 
-34at%Cr^h, TiMMIfflCCo 
- 1 7 a t %C r - 5 a t %T a 9 — >fy K ±SIE* 
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JtlC o-l0at°/oCr-10a tXPt?- 

£l 0W/cm2 > £«u£S£2 5 0°C^ Lfc^frT'C 
rTil?:30nin, Co-C r6$:3 Onm, TJiS 
ltti&{kllfl£ 3 0 nm, ±mmW.mtm*2 nnu *-# 
y»10nmO*S»*Lfc. IB#**fl='e, ±S1 
EK{t:fiI<£>i5$£ 5 nm, lOnm, 1 5 n m, 20n 
m, 3 0nm, 4 0 n m k LfcEWMilHrE k RttftSiE 

[0 0 3 0] Jt«l***iLT, iJBaiffBibBISrKltft 
V>SiE««E»*IE*XV±JBSal:K^J«SS:5 0 nmt 

ftlOi«Wt«tLt**, TJMiMMfclli : M s 
= 3 8 5 emu/cc, Ku=l. 8X106erg/ 
c c, 1I1IW:Ms = 6 7 5 emu/c c, K 
u = 4. lX106erg/cctfcofc c S2Ttl 
1 3 OttfbSMfctt, M s = 1 2 emu/c c T*fcofc 0 
mt^SittflSlkKOJSfi&Sli, 8-14 nm-Cfc 
20 V) % aaeiHJ|^rt:2 6 ~ 2 8 a t %<DC r l 

-CSfcSLfc. »2T*Wi 3fcTJB»iimffc«l 

4 C0»^»Oi6li 3 . 2%T*fcofco 
[0 0 3 1] 'ixb«>«*IE»«*^lE»l?&»tt«:, 

yK^^fittO. 2mra, »4ffl^i8«gSM 
^ (MR) — y K£>v— KP^fiittO. 2mm. S9^B# 
O^^-v^^teO. 0 6mmiU. EftflBftttffiffl 
*©W*a*o^lcft*a**WE«k** (Dso) 4: 
30 ay^LTWfiBL. 2 0 k FC I (D««E»«rfTftofc» 

*©s/n», ±iiiiww4^ite»^s/N 

[0 0 3 2] 
[*1] 

















30nra 


30nm 


30am 


SOnm 


30nm 


30nm 


30nm 


30nm 


30cm 


uam&m 




50nm 


2nm 


5nra 


lOnm 


15nm 


20 am 


30am 


40nm 


Dco(K>'Cl) 


156 


186 


265 


250 


248 


240 


236 


225 


220 




1 


1.22 


2.53 


2.22 


2.41 


2.56 


2.43 


2.31 


2.10 



[oo3 3] *mmmo&^mmmm*. tt&mizn^ 

■CUJ^*»lEflk*«D5odS*«^iai±L, Ljs»*>«<*S 

^•kftt>frr> it. *nm&i "v?f^«! L fcSS*lEflk«E»: £ 
ffll>t. S4*^t LT.MR^'y K4ffil , fc2. 5*r> 
^■©BSftCaS4*«S:fPtl!Lfc. ffiKBHSft 1 0 G b 
/ i n^cO^T'^v-l'- h 1 0 HH5 



50 



[0 0 3 4] [*lS0ij2] iEg 2. =V 
SffiSrfflVT, BSe^:/* hpy^<? ?S!:±ot. 

tz 0 mm. 2 i m 1 Tit® 22, 12 tusji 2 3 . 

TiiiliS{l:I2 4, f^g2 5, ±Jg£fflSft;0t2 
6. »»R2 7*w©l»*"Ci&4Lfc. Mil TifcffliZfi 
G e ?H2Titimzi*C o- 3 5 a t %R u 

h, THSite-ftRfflJ-fiC o - 1 5 a t %C 



(7) 



f*MW 1 1 -29 68 3 3 



11 

r - 6 a t°/oPt-3a t%Y?-fv +MJBfflC 
(iCo-4 5 a t%Ru#-yy K JUMBHMfciMl 
iZteC o - 1 4 a t %C r - 8 a t %P t 9 — K 

[0035] Co-35a t%Ru <7)S&?P^fcti 1 5 e 

(DA r JfXfetii: 3 mT o r r , — t: 1 

0W/cm2, StRSS«r2 8 Oti Lfc*#T-GeJK 
£:3 0nnu Co-RuKl 5nm, TJSSHl^ft:^ 
£3 0nm, *Pflil£0. lnm. ±®fil£^t;K^C 
o-C r -P tg£2 nm, ^-^^^1 0 nm(Df 

/£L/c 0 *W«2 5 0KJ¥Srl nm, 2 n m, 

3nm, 5 nmi: lfcOTtP]ff^iEiff*ff»t 

[0 0 3 6] *fc, Jt«K»tL-C. JiJBfiiEttfclRTB 
MltCo-Cr-P tfl!3 5nm^5)i5*ii 
it«*tE«llt#*rff«bfc. tt:«K»OT*t«!lBI^ 

s = 3 7 0 emu/c c, Ku = 2. 0X106 e rg « 



12 

*/ c c . ±gSiSEfkK :Ms = 600emu/cc, 
Ku = 4. 3X106er g/cct'fcot 4^112 
SOMs = 0 emu/c cT'foo/c 0 iigSiEBMLfllO 

«»S«ffcI«C0&fiffiJM::i*2 7 a t %<DC r 

Si. 2 nmCOffiT-lH^fLT^awiSrm^KJSaSrffl 

^fc^«-C*BLfco ffi 2 T*t!l/§ 2 3 THE 

[0037] :n^SMffiiI#^«*Hc ties 

io S£4#t£<z>ffMffiS:, *jx-fax«»a«AH' (VSM) , 
E»ff£#«S!tf>18«^s> KSrffli^TfTfcofco E»^ 
yK^fy^filiO. 2mm, S4fflOE*Ift»a 

(GMR) ^s/ KO->— A* KIBHttO. 15m 
m, »]g^^^-'>y^li0. 0 4mmd:LfCo IEi 

(Dso) taOSLTHMBfiU 2 0 k F C I <7)«ftE»Sr 

cD^^r^2iC^i- 0 
20 [0 0 3 8] 
[«2] 





Jt*W 












80b zd 


SOnm 


30nm 


30nm 


30nm 




*L 


O.lxun 


lnm 


2nm 


3nm 


5 am 


JU»M 


35nm 


2 am 




2 nm 


2am 


2nm 


11 c (kOe) 


2.5 


2.7 


2.4 


2.5 


2.4 


2.8 


D 60 (kFCI) 


185 


268 


250 


245 


220 


215 




1 


2.8 


2.1 


2.0 


1.75 


1.2 



[0039] ^m»9i<om%m^nmt»^ itttw^ *> 

MR^yKS:fflPfc2. 5 >f :^OB£ftEftB£3£«S: 
f^MLfco ®E&M20Gb/i n20)^-ex7- 
h 1 0^jW*«"C#, jgi§£SE^S£S»<>: It 

[0 04 0] [%ttOT3] K&2. 5-f>^0^7^* 

3 «C«i"Wffi«iS*»oSaiBftE»a(*«:f^» Lfc. 
i«3 1±l:, f I2TM33, TS 

&Kefl:IJt3 4. ±lSE^ftl3 5, ^M3 6, ft 

9 — K S2T*feJBffliwl2C o - 3 0 a t%C r - 
10at%Ru^-^7K TJHaKSBffcl«ffi<-f4C o 
- 1 7 a t %C r - 1 a t %Y - 3 a t %T a ^ — V y 

k ±mmmmtmm(cnc o- 1 s a t %c r - 1 o 

a t %P t K MIffli:(4P t K 

fSffiRffltctt* — h«rffii*fc 0 *'<vfi<D 
A r ^E^^3mT o r r , -y * l 0 



40 



50 



W/cm2 % Sffi?&*£2 5 O^t Lfc*fl=-CT i BS* 
30nm, Co-Cr-Rui^20nra, Co-Cr 
-Y-TaK20nra, Co-Cr-PtKln 
m. Ptl^O. 5nm, tf^BSS: 7 nmOJSSJg 

[0 0 4 1 ] ^11 36iUPt flgont? 9 SC. P d 
m (lnm) , I rK (1. 5nm) . Reg (0. 1 
nm) , RuK (1. 2nm) . MCo/P t ^JIK 

(3nm) SrJg^Lfc«^tiWEi:H«<cSB:««Ee 

hirP t * — >f y hZZZKlzmi^X^ti^iiO. 5 

«Jpk atfA*ll!t4:*i^fcK^tt*16«i:n*«>aiK« 

[0 0 4 2] ±BX VTJBSKBftRwBfi«rttSrffl* 
LfcS*. TiMSfkI:Ms = 3 4 0 emu/c 
c , Ku=l. 5X106erg/cc, ±.B$tBMit 
®:Ms = 420emu/cc, Ku = 3XlOSer 
g/cctfeoto ±J§SEB{fcK<DSraT*ffl^Lfc£ 



(8) 



ttMW- 1 1 -2 9 6 8 3 3 
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2 6 ~ 3 0 a t %<DC r 1 n m<0 

Lfc. *fc, JB2T*ft*3 3tTJBfiiI«{kBl3 4©l» 
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*»S£W4«:Sli60!l 2 t |5j1£<Z>;fr£T-f¥* Lit, 

[0 0 4 3] 
[^3] 





JttMl 


*$ 


m 








20nm 


20am 


20nm 


20nm 


20nm 


20nm 


20nm 


20am 






lnm 


lam 


lnm 


lnm 


lnm 


lnm 


lnm 








Pt 
O.Snm 


Pd 
lnm 


lr 

1.5am 


Re 
O.lnm 


Ru 
1.2nm 


Co/Pt 
3 am 


H c (kOe) 


2.3 


2.5 


2.5 


2.5 


2.4 


2.5 


2.4 


2.9 


D 60 (lcPCI) 


190 


220 


235 


240 


243 


251 


240 


265 




1 


1.2 


2.1 


2.2 


2.0 


2.3 


2.4 


2.2 , 




lxlO« 


3x10* 


1*10* 


3x10-*° 


5x10-^ 


1x10* 


8xl0» 


6xl0"> 



[0044] *£ffi0y<0tt*[EA»<*tt* jmrw-m:'* 

TD50, S/N^ICat^tlt^^ K&SBME 

mmfct tics* Li^t*sto*»ofc. **sE<w 
5^^©ai*E*w*s«*fl*L*:. bie»««3 

OGb/i n2(D^T% ^3(C^i-J:9{C^^-U — 

[0045] mmm 4 ] hjs^j 2 -cka* Lfcsa:«« 

E^3£f£<£>±JC. 1?$ 5 nm<£> (C o - 1 0 a t %C r 
- 3 a t %T a) / (P t - 4 5 a t %R e) #HBtS:» 



it««E*a*«rf^«Lfc. ::t (Co-10at% 
Cr-3at%Ta) / (P t - 4 5 a t %R e) #J1 
Kit, Co-Cr-Ta 9—#v K SU^P t -R e 9 
— htXXK/fl^Tfrh^ftO. 2 5 nm^JS^-f 
20 o 1 0 1M U ^ft 5 n mi¥<O&g0g£r^§!i L 

E»S4*fl=-C*MtH:«fetT>iofc»*«:. *4fc* 

[0 0 4 6] 
IS4] 





JfcttW 


*»SJ3 






TJBBttR 


*u 


30nm 


30nm 


30nm 


30nm 


30nm 






O.lnm 


1cm 


2nm 


3nm 


5nm 




35nm 


2nm 


2nm 


2nm 


2am 


2nm 




*L 


5om 


5nm 


5nm 


5am 


5nm 


H c (kOe) 


2.8 


3.1 


2.9 


2.7 


2.4 


2.3 


D 60 (WCD 


185 


270 


263 


230 


220 


228 


S/N(*a#fe) 


1 


3.2 


2.6 


2.4 


2.5 


1.9 




8x10* 


1x10* 


1x10* 


9xltt"> 


8 X 1<H° 


1x10* 



[0047] *mw<Dmmu^ummft<ojjfrtt&mz 

it-<, D50, S/N^at#**XT*5«9. S&KffiflSSB 

OGb/i n*D3kt$X\ * 4 (C^f <fc O — 

h 1 0-9#3£ST*#. j@S®«E^*5£gB£ Lttff 

[0 0 4 8] [Hfiftl 5 ] HJ® M 3 T'Kff t tzmmM% 
E»«fc*e*«««eta&* (GMR) Srffli^ti««* 
S^sB^SrSoSS^K^y K£flH*-C««Ee3£«& 
f^BLfc. CcoK*E»»«tt, 85 (a) [zm&W-m 
15 (b) JC-rOA A' ^fSH^r^-ri ?C B 
*E»J8E»ffi»)S5 5 2 lc«t 0 SeSBKi* n5E«EeJSE 
#5 1, Bft^y KSB«l»5 4{wJ:0»»*ix-C!B«E 50 



3, K5 3coE»«#*3J:tfW*flr»tr»3a-i- 

5EiS4flfMi 5 5 ^d^L5Jl^<D*iSo^gT' 
^b5o ES^KOh77^B0. 4mm, W£.m<DG 
K^^-O h 7 ^ *»1 0 . 3 2rara, -^yK4:JlE 
1 5 nmi: Lfc 0 ft -5r#Uli: LTPR 
5 ^ifc&SUfl U 30Gb/in ^i£^gg(7)^ 

[0 0 4 9] 



1 1 -2 9 68 3 3 



15 

UaffiOfBi^fctftW] 

[nil *&wiz£zmfis.tzm&wc>-M<DWw® 0 

[13] *&mzZ&m%tdM.&&<nl&<n®\<r>&imm B 
[H4] #3S^i;i±5B^f£&&f*:rote©0y<a»rffill. 
[El 5] BA!Ett£K<Olffjftia. 

11 ■••*«. l 2-JSlTttJB. 13-12 7*1. 1 10 
4-TJBStt«fld». 1 5— JLJHSatBtfbBI, 16-** 



16 

*««, 2 1-fflS. 2 2-IlTftS, 2 3-JS2T* 
J|. 2 4-THttftl, 2 5-flWJEk 2 6-JJB 
2 7-SiI, 3 1 •••*«. 32 -I1T 
ifcJl, 3 3-SB2T«JH, 3 4-TJB*ifi8fl:R. 3 5 
-±JBSflIttffcffll, 3 6— 3 7-ffiHMK, 4 1 
••■*«, 4 2-JBlTHUB. 4 3-JH2THUB, 4 4- 

TBsauBftBi. 4 5-trai, 4 6-±mm\M.mt 

H. 4 7 -AMI. 4 8-Wi. 5 1-«*C«K 
fls, 5 2 -BK«GMK<WIHiB. BS-M^yK. 5 

5 5 



[mi] 



[12] 



[03] 




14] 





[115] 





53 54 



mm 

wWm 

wmm. 



5S 



y 1 



(10) *#BB¥1 1 -296 83 3 



7ny h"<— is<DW,% 

JfcSC»B»*m * ft-T e 280#*{fi *»«H#«tt JBB* tt-T S 280#i 



